The ghostbursting model is a mathematical model that describes the dynamics of the electrical excitability of the weakly electric fish Apteronotnus leptorhynchus. This model is described by a system of nonlinear ordinary differential equations. The present study focuses on two system parameters of the model (i.e., the current injected into the dendritic compartment and the ratio of somatic to total surface areas); in addition, a computer simulation analysis of the model is performed. By changing these parameter values, the dynamical states of the model in the twodimensional parameter space are revealed.
Introduction
The electrical excitability of electrosensory pyramidal neurons of the weakly electric fish Apteronotnus leptorhynchus is described by the ghostbursting model that was developed in a previous study based on the Hodgkin-Huxley concept [1] . The ghostbursting model is a two-compartment mathematical model described by a system of six coupled nonlinear ordinary differential equations. The model's equations are classified into two groups: the first contains two equations describing the dynamics of the somatic compartment and the second contains four equations describing the dynamics of the dendritic compartment. The effect of varying two system parameters of the ghostbursting model (namely, the current injected into the somatic compartment and the ratio of somatic to total surface areas) on the dynamical states of the model has been previously reported [2] . Two-compartment mathematical models similar to the ghostbursting model have been previously proposed [3, 4] . These studies consider the possibility that a current can be injected into the model not only via the somatic compartment but also via the dendritic compartment. When taking this into consideration, it is important to elucidate how the current injected into the dendritic compartment of the ghostbursting model affects the ghostbursting model's dynamical states. However, this issue was not investigated in the previous study [2] . The present study performs a numerical simulation to elucidate the effect of variations in two systems parameters (i.e., the current injected into the dendritic compartment and the ratio of somatic to total surface areas) on the dynamical states of the ghostbursting model.
The Ghostbursting Model
The ghostbursting model comprises six state variables: the membrane potential of the somatic compartment [Vs (mV)], the membrane potential of the dendritic compartment [Vd (mV)], and four gating variables of the ionic currents contained in the somatic or dendritic compartment (ns, hd, nd, and pd). The dynamics of these state variables can be described as follows: Is (A/cm 2 ), Id (A/cm 2 ), and κ are system parameters of the model: Is is the current injected into the somatic compartment, Id (A/cm 2 ) is the current injected into the dendritic compartment, and κ is the ratio of somatic to total surface areas. In the previous study, the effect of variations of Is and κ on the dynamics of the ghostbursting model was investigated under conditions wherein Id was fixed to be zero [2] . In contrast, in the present study, the effect of variations of Id and κ under conditions wherein Is is fixed to be zero was investigated. In the present study, Id was varied from 2.8 to 5.6 A/cm 2 , and κ was varied from 0.24 to 0.40. A detailed description of equations (1)-(6) has been previously provided [1, 2] . Numerical simulations of equations (1)- (6) were performed using the free and open-source software Scilab (http://www.scilab.org/) under the initial conditions: Vs = 70 mV, Vd = 70 mV, ns = 0.00005, hd = 0.973, nd = 0.002, and pd = 0.697.
Numerical Results and Discussion
Modulation of the dynamical states of the ghostbursting model by Id and κ is shown in Figure 1 . First, we investigated the dynamical states of the model under conditions wherein κ is 0.34 or more. An increase in Id under such conditions wherein κ is fixed to a certain value changes the dynamical state, for example, from a quiescent state to a repetitive spiking state to a bursting state. An increase in κ, such as 0.34→0.36→0.38→0.40, induces an increase in the Id threshold for the transition from a quiescent state to a repetitive spiking state, such as 3.6→3.6→3.8→4.0 A/cm 2 . In addition, an increase in κ induces an increase in the Id threshold for the transition from a repetitive spiking to a bursting state, such as 4.0→4.4→5.0→5.6 A/cm 2 . Next, we investigated the dynamical states of the model under conditions wherein κ is 0.32 or less. An increase in Id under such conditions wherein κ is fixed to a certain value changes the dynamical state, for example, from the quiescent state to the bursting state. An increase in κ, such as 0.24→0.26→0.28→0.30→0.32, induces an increase in the Id threshold for the transition from a quiescent state to a bursting state, such as 3.0→3.2→3.2→3.4→3.4 A/cm 2 . From a biophysical viewpoint, Is and Id are similar in that an increase in each parameter's value has an excitatory effect on the ghostbursting model. In fact, similar to the present results, a previous study [2] indicated that an increase in Is changes the dynamical state of the ghostbursting model, e.g., (1) from a quiescent state to a repetitive spiking state to a bursting state when κ takes a large value but (2) from a quiescent state to a bursting state when the value κ takes is small value. In addition, taking the previous [2] and the present results into account reveals that when we inject the current, whether Is or Id, into the ghostbursting model, the increase in κ induces an increase in the threshold to the injected current for the transition from a repetitive spiking state to a bursting state. Interestingly, however, the results from the previous [2] and present studies show not only quantitative but also qualitative differences between Is and Id in their effect on the ghostbursting model. The quantitative difference is that when κ is between 0.30 and 0.40, the Id threshold for the transition from a quiescent state to a repetitive or bursting state is smaller than the Is threshold for the same transition. The qualitative difference is that an increase in κ induces an increase in the Id threshold for the transition from a quiescent state to a repetitive or bursting state, whereas it induces a decrease in the Is threshold for that transition. In conclusion, the present study, in combination with the previous one, contributes to an in-depth understanding of the similarities and differences between the effects of Is and Id on the ghostbursting model. 
